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IN THE CLAIMS: 

Please amend the claims as follows: 

1 . (Amended) In an improved photohardenable composition composed of a 
cationically polymerizable and free radical polymerizable organic substance, a [photo- 
generated] photo-generating acid precursor, a sensitizer for the [photo-generated] photo- 
generating acid precursor and a free radical polymerization initiator wherein the improvement 
comprises: 

a) a mixture of photopolymerizable resins consisting essentially of 

at least two epoxy resins [one of which polymerizes! , said at least two epoxv 
resins including a first epoxv resin n olvmerizing at a slower rate and [has a] having a 
higher neat viscosity than at least one other epoxy resin present, [and the] said first 
epoxy resin[s are] being present at a concentration in the mixture of from 5 to 25% by 
weight, and 

at least one monoacrylic monomer and at least one multi-acrylic monomer 
wherein the concentration of the monoacrylic monomer is from 0.12 to 0.90 parts by 
weight that of the multiacrylic monomer and wherein the ratio of the weight of the 
epoxy resins to that of the acrylic monomers is between 3 to 10; and 

b) a combination of a free radical initiator and a photo-generating acid precursor 
characterized by optical molar extinction coefficients and optimized for use with a multi- 
wavelength argon ion laser operating in the UV and producing two major wavelengths of 351 
nm and 364 nm such that a normalized ratio of the extinction coefficients of the precursor and 
the initiator at one major wavelength is less than 3 times the ratio of extinction coefficient at 

a second major wavelength. 

2. (Amended) A method for accurately fabricating an integral three dimensional 
article having improved green strength by controlling the diffusion of photoactivated 
molecular species in the regions of a photohardenable liquid composition exposed to actinic 
radiation, the method comprising the steps of: 

(a) forming a layer of the photohardenable Hquid composition; 

(b) imagewise exposing areas of at least a portion of the layers to actinic radiation at 
wavelengths of 351 nm and 364 nm; 
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(c) introducing a new layer of liquid on to the layer previously exposed imagewise in 
step (b); 

(d) imagewise exposing at least a portion of the new liquid layer to actinic radiation, 
wherein the improvement comprises use of photohardenable liquid composition comprising: 

a) a mixture of photopolymerizable resins consisting essentially of 

at least two epoxy resins , said at least two epoxv resins [one of which 
polymerizes] including a first epoxv resin polymerizing at a slower rate and [has] 
having a higher neat viscosity than at least one other epoxy resin present^ [and the] 
said first epoxy resin[s are] being present at a concentration in the mixture of fi-om 5 
to 25% by weight, and 

at least one monoacrylic monomer and at least one multi-acrylic monomer 
wherein the concentration of the monoacrylic monomer is from 0.12 to 0.90 parts by 
weight that of the multiacrylic monomer and wherein the rafio of the weight of the 
epoxy resins to that of the acrylic monomers is between 3 to 10; and 

b) a combination of a free radical initiator and a photo-generating acid 
precursor characterized by optical molar extinction coefficients and optimized for use 
with a multi-wavelength argon ion laser operating in the UV and producing two major 
wavelengths of 351 nm and 364 nm such that a normahzed ratio of the exfincfion 
coefficients of the precursor and the inifiator at one major wavelength is less than 3 
times the rafio of extinction coefficient at a second major wavelength. 

3. A photohardenable composition comprising: 

£D a mixture of carionicallv polvmerizable components having at least 

two epoxy resins, said at least two epoxv resins including a first epoxy 
resin polymerizing at a slower rate and having a higher neat viscosity 
than at least one other epoxv resin present, 

(ii) a blend of radically polvmerizable components: 

(iii) at least one photo-generating acid precursor: 

(iv) at least one fi-ee radical initiator: and 

(v) water: 

wherein said first epoxv resi n has a viscosity of greater than 1000 poise (a). 25°C and a 
viscosity of greater than 200 poise (% 52°C. 
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4^ The composition of claim 3 wherein said first epoxy resin has a softening 

point below 40°C. 

5, The composition of claim 3 wherein said mixture of cationicallv 

polvmerizabl e components comprises, relative to the total weight of said at least two 
epoxy resins, from 5 to 25% by weight of said first epoxv resin. 

6, The composition of claim 3 wherein said blend includes at least one mono- 

acrylate monomer and at least one multi-acrylate monomer. 

Z The comp osition of claim 6 wherein the total amount of mono-acrvlate 

monomers t o the total amount of multi-acrylate monomers present in the composition, 
on a parts by weight basis, is 0.12-0.9 parts of mono-acrylate monomers to 1 part of 
multi-acrylate monomers. 

8. The composition of claim 6 wherein the total amount of mono-acrylate 

monomers to the total amount of multi-acrylate monomers present in the composition, 
on a parts by weight basis, is 0.27-0.58 parts of mono-acrylate monomers to 1 part of 
multi-acrylate monomers. 

9^ The composition of claim 6 wherein said at least one multi-acrylate monomer 

includes at least one tri-acrylate monomer. 

10^ The composition of claim 9 wherein the total amount of mono-acrvlate 

monomers t o the total amount of tri-acrylate monomers present in the composition, on 
a parts by wei ght basis, is 0.12-0.9 parts of mono-acrylate monomers to 1 part of tri- 
acrylate monomers. 

iL The composition of claim 9 wherein the total amount of mono-acrvlate 

monomers to the total amount of tri-acrylate monomers present in the composition, on 
a parts by weight basis, is 0.27-0.58 parts of mono-acrylate monomers to 1 part of tri- 
acrylate monomers. 
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12^ The composition of cl aim 3, wherein the ratio, on a parts by weight basis^ of 

said mixture of cationicallv polv m erizable components to said blend of radically 
polymerizable components is from 3-10 parts of said mixture to 1 part of said blend. 

^ The co mposition of claim 3 wherein said first epoxy resin includes an ep oxy 

phenolic novolac resin and/or an epoxy cresol novolac resin. 

^ The composition of clai m 13 wherein said epoxv phenolic novolac resin has 

on average 3.6 or more epoxy groups. 

^ The composition of clai m 3 wherein said at least one other epoxv resin 

includes at least one cycloaliphatic epoxv. 

^ The co mposition of claim 3 wherein said composition further comprises a 

sensitizer for the photo- generating acid precursor. 

The composition of cl aim 3 wherein said blend of radically polvmerizable 

components includes tetrahvdrofurfu rvl acrvlate. isobomvl acrylate. laurvl acry lpite 
and/or caprolactone acrvlate. 

^ The composition of clai m 3 wherein said blend of radically polvmerizable 

components includes caprolactone acrvlate. 

12^ A photohardenable composition comprising: 

a mixture of at least two epoxy resins wherein a first epoxv resin 
polymerizes at a slower rat e and has a higher neat viscosity than a second 
epoxy resin. 

at least one mono -acrylate monomer and at least one multi-acrvlate 
monomer. 

a photo-generating acid precursor. 

a free radical pol ymerization initiator, and 

water: 
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wherein said first epoxy resin comprises an epoxv phenolic novolac resin 
and/or an epoxy cresol novolac resin. 

^ The photohardenable co mposition of claim 19 wherein the total amount of 

mono-acrylate monomers to the tot a l multi- acrvlate monomers present in the. 
composition, on a parts by weight basi s , is 0.12-0.9 narts of mono-a crvlate monomers 
to 1 part of multi-acrylate monomers. 

^ The photohardenable co mposition of claim 19 wherein the total amount of 

mono-acrylate monomers to the total a m ount of multi- acrvlate monomers present in 
the composition, on a parts bv weig ht basis, is 0.27-0.58 parts of mono-acrvlate 
monomers to 1 part of multi-acrylate monomers. 

22^ The photohardenable com position of claim 19 wherein the ratio, on a parts hv 

weight basis, of said mixture to said m ono-acrvlate and multi-acrylate monomers is 
fi-om 3-10 parts of said mixture to 1 part of said mono-acrvlate and multi-acrvlate 
monomers. 

21 The photo hardenable composition of claim 19 wherein said ep o xv phenolic 

novolac resin has on average 3.6 or more epoxv group s. 

^ The photohardenable com position of claim 19 wherein said second ep nvy 

resin comprises at least one cvcloaliphatic epoxy 

21 The photohardenable co mposition of claim 19 wherein said comp osition 

comprises a tri-acrylate monomer. 

^ The photohardenable com position of claim 19 wherein said at least one mono- 
acrylate monomer includes tetrahvdrof u rfurvl acrvlate. isobomvl acrvlate. laurvl 
acrvlate and/or caprolactone acrvlate. 

^ The photo hardenable composition of claim 19 wherein said at least one mono- 
acrylate monomer includes caprolactone acrvlate. 
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28^ The photohardenable composition of claim 19 wherein said composition 

further comprises a sensitizer for the photo- generating acid precursor. 

29^ A method for fabricating a three-dimensional article comprising: 

^ forming a layer of a photohardenable composition comprising. 

a mixture of cationically polvmerizable components having at 

least two epoxv re sins, said at least two epoxv resins including 
a first epoxv resi n polymerizing at a slower rate and having a 
higher neat viscosity than at least one other epoxy resin present, 

£2) a blend of at least one mono-acrylate monomer and at least one 

multi-acrvlate monomer: 

Q} at least one photo- generating acid precursor: and 

(4) at least one free radical initiator: 

^ imagewise exposing ar eas of at least a portion of the layer to actinic 

radiation: and 

^ introducing a new layer of said composition on to the layer previously 

exposed imagewise in step (b) and repeating step (h^. 

30^ The method of claim 29 wherein said first epoxy resin has a viscosity of 

greater than 1000 poise @ 25°C. 

11^ The method of claim 29 wherein said first epoxy resin has a viscosity of 

greater than 200 poise (a), 52^C. 

32^ The method of claim 29 wherein said first epoxy resin has a softening point 

below 40°C, 

33. The method of claim 29 wherein said mixture of cationically polvmerizable 

co mponents comprises, relative to the total weight of said at least two epoxy resins, 
from 5 to 25% by weight of said first epoxv resin. 
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The method of claim 29 wherein said first epoxv resin has a viscosity of 

greater than 1000 poise @, 25°C. 

^ The method of claim 29 wherein the total amount of mono-acrvlate monomers 

to the total amount of multi-acrvl ate monomers present in the composition, on a p arts 
by weight, is 0.12-0.9 parts of mono-acrvlate monomers to 1 part of multi-acry late 
monomers. 

^ The method of claim 2 9 wherein the total amount of mono-acrvlate monomers 

to the total amount of multi-acr vlate monomers present in the composition, on a p arts 
by weight basis, is 0.27-0.58 pa rts of mono-acrvlate monomers to 1 part of multi- 
acrylate monomers. 

^ The method of claim 2 9 wherein said blend includes at least one tri- acrvlate 

monomer. 

^ The method of claim 3 7 wherein the total amount of mono-acrvlate monomers 

to the total amount of tri-acrvlat e monomers present in the composition, on a p arts by 
weight basis, is 0.12-0.9 parts of mono-acrvlate monomers to 1 part of tri-acrvlate 
monomers. 

^ The method of claim 3 7 wherein the total amount of mono-acrvlate monomers 

to the total amount of tri-acrvlate monomers present in the composition, on a parts by 
weight basis, is 0.27-0.58 parts of mono-acrvlate monomers to 1 part of tri-acrvlate 
monomers. 

^ The method of claim 2 9 wherein the ratio, on a parts bv weight basis, of said 

mixture of cationicall v polvmerizable components to said blend is ft-om 3-10 p arts of 
said mixture to 1 part of said blend. 

^ The method of claim 2 9 wherein said first epoxv resin includes an epoxy 

phenolic novolac resin and/or an epoxv cresol novolac resin. 
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^ The met hod of claim 41 wherein said enoxv phenolic novolac resin has on 

average 3.6 or more epoxy groups. 

^ The method of claim 29 wherein said at least one other epoxy resin includes at 

least one cvcloaliphatic epoxv. 

^ The method of claim 41 wherein said at least one other epoxv resin includes at 

least one cvcloaliphatic epoxv. 

^ The method of claim 2 9 wherein said composition further comprises a 

sensitizer for the photo- generating acid precursor. 

^ A method of forming a photohardenable composition comp rising- 

^ forming a mixture of epoxy resins having a first epoxv resin 

which polymerizes at a s lower rate and has a higher neat viscosity than a 
second epoxy resin, said first epoxv resin having a softening point below 
4QX. 

mixing in at least on e monoacrvlic monomer and at least one 

multiacrvlic monomer, and 

^ adding a photo- gener ating acid precursor and a free radical 

polymerization. 

^ The method of claim 46 further comprising admixing a sensitizer for the 

photo-generating acid precursor. 

^ The method of claim 46 wherein said at least one multi-acrvlate monomer 

includes a tri-acrvlate monomer. 

^ The meth od of claim 46 wherein the total amount of mono-acrvlate monomers 

to the total amount of multi-acrvlate m onomers present in the composition, on a parts 
by wei ght basis, is 0,12-0.90 parts of mono-acrvlate monomers to 1 part of multi- 
acrylate monomers. 
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^ The method of claim 4 6 wherein the total amount of mono-acrvlate monomers 

to the total amount of multi-acr v late monomers present in the composition, on a p arts 
by weight basis, is 0.27-0.58 part s of mono-acrvlate monomers to 1 part of multi- 
acrylate monomers. 

^ The method of claim 46 wherein the ratio, on a parts bv weight basis, of said 

mixture of epoxy resins to said at least one mono-acrvlate monomer and said multi- 
acrylate monomer is from 3-10 parts of said mixture to 1 part of said mono-acry 1;itf^ 
and multi-acrvlate monomer, 

^ The m ethod of claim 46 wherein said first epoxy resin comprises an ep oxy 

phenolic novolac resin and/or an epoxv cresol novolac resin. 

^ The met hod of claim 51 wherein said epoxv phenolic novolac resin has on 

average 3.6 or more epoxv group s. 

54^ The method of claim 46 wherein sa id second epoxv resin comprises at least 

one cvcloaliphatic epoxv. 

^ The method of claim 4 6 wherein said first epoxv resin has a viscosity of 

greater than 1000 poise (a), 25 ^C. 

^ The method of claim 4 6 wherein said first epoxy resin has a viscositv of 

greater than 200 poise (a) 52^C. 

^ The method of claim 46 wherein sai d mixture of epoxv resins comprises fi-om 

5 to 25% by weight of said first epoxv resin. 

^ The metho d of claim 55 wherein said mixture of epoxv resins comp rises from 

5 to 25% by weight of said first epoxv resin. 

5£ A photoh ardenable composition comprising: 
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(a) a mixture of at least two epoxv resins, said at least two epoxy 
resins including a first epoxv resin polymerizing at a slower rate and having a 
higher neat visc osity than at least one other epoxv resin present, said first 
epo xy resin being present, relative to the total weight of said mixture, in an 
amount of from 5 to 25% by weight, said first epoxy resin having a viscosity 
of greater than 1 OOP poise (a), 25^C and a softening point below 40^C. 

(b) a blend of acrv late functional monomers comprising at least one 
multi-acrylate monomer and at least one mono-acrvlate monomer, wherein the 
ratio of said at least one mon o-acrvlate monomer to said at least one multi- 
acrvlate monomer, on a parts bv weight basis, is 0.12-0.90 parts of mono- 
acrylate monomer s to 1 part of multi-acrvlate monomers, 

(c) at least one ph oto- generating acid precursor, and 

(d) at least one fi-ee radical initiator. 

wherein the rafio, on a p arts by weight basis, of said mixture of epoxv 
resins to said blend of acrvlate functional monomers is fi-om 3-10 parts of said 
mixture to 1 part of said blend. 



60^ A method of forming a three-dimensional article comp rising: 

^ forming a layer of the composifion of claim 59: 

^ imagewise exposing ar eas of at least a portion of the layer to actinic 

radiation: and 

^ introducing a new lave r of said composition on to the laver previously 

exposed imagewi se in step (h) and repeating step Tbl 

^ A method of forming t he composition of claim 59 comp rising: 

forming said composition by comb ining said mixture of epoxy resins, said blend of 
acrylate functional monomers, said at l e ast one photo- generating acid precursor, and 
said at least one free radical initiator. 



^ An article formed bv s olid imaging the composition of claim 59, 

^ The c omposition of claim 3. comp ri sing, relative to the total weight of the 

composition, 0.2-3 wt% of said water. 
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^ The com position of claim 19. comp ri sing, relative to the total weight of the 

composition, 0.2-3 wt% of said water. 

^ The met hod of claim 29, wherein said composition further comprises water. 

^ The method of claim 29. wherein said composition comprises, relative to the 

total weight of the composition. 0.2-3 wt% of water. 

^ The method of claim 46 , further comprising adding water to form said 

composition. 

^ The com p o sition of claim 59, wherein said composition further comprises 

water. 

^ The compositi on of claim 59, wherein said composition comprises, relative to 

the total weight of the composition, 0.2-3 wt% of water. 

20. An object comprising the article of claim 62. 

2L A photohardenable composition comprising: 

^ a mixture of cationicall v polvmerizable components having at le^^st 

two e poxy resins, said at least two epoxv resins including a first ep oxy 
res in polymerizing at a slower rate and having a higher neat viscosity 
than at least one other epoxv resin present. 
a blend of radicallv polvmerizable comp onents; 

(iii) at least one photo- generating acid precursor: and 

(iv) at least one free radical initiator; 

wherein said first epoxv re sin is selected from the group consisting of 
epoxy phenolic novol ac resins and epoxv cresol novolac resins . 

^ A method of forming a three-dimensional article comp rising: 

^ fonning a layer of the composition of claim 71 ; 
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^ imagewise exposing ar eas of at least a portion of the layer to actinic 

radiation: and 

^ introducing a new lay er of said composition on to the layer previously 

exposed imagewise in step (b) and repeating step (h). 

^ The composition of clai m 71. wherein said at least one other epoxy resin 

includes a cycloaliphatic epoxv. 

A method of forming a three-dimensional article comp rising: 

^ forming a layer of a p hotohardenable composition comp rising 

(i) a mixture of cationically polymerizable components 

having at least t wo epoxy resins, said at least two ep oxv 
resins includi ng a first epoxy resin polymerizing at a 
slower rate an d having a higher neat viscosity than at 
least one other epoxv resin present- 

a blend of radically polymerizable comp onents; 

(iii) apolvol; 

(iy) at least one photo- generating acid precursor: 

(y) at least one fi-ee radical initiator: and 

(vi) above 0.75 wt% water; 

wherein the composition has an equivalent weight ratio of 
epoxy to polvol of above 3.5: 

^ imagewise exposing are as of at least a portion of the layer to actinic 

radiation: and 

^ introducing a new lave r of said composition on to the laver previously 

exposed imagewise in step (h) and repeating step (h): 
wherein said three-dimensional article is bein g formed at a room relative humidity in 
the range of about 40 to 80% . 

^ The method of claim 74. wherein said composition comprises, relative to the 

total weight of the composition, up to 3 wt% of water. 
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76. A method of forming a three-dimensional article at a relative humidity in the 
range of about 40% to 80%, comprising: 

equilibrating a photo formable composition to said relative humidity by adding. 

relative to the total weight of the composition, above 0.75 wt% and up to 3 wt% of 
water to a photofor mable composition, said photoformable composition comprising 

ill a mixture of cationicallv polvmerizable components having at 

least two epoxy resins, said at least two epoxy resins including 
a first ep oxy resin polymerizing at a slower rate and having a 
higher neat viscosity than at least one other epoxv resin present. 

(iD a blend of radically polvmerizable components: 

(iii) apolvol: 

fiv) at least o ne photo- generating acid precursor: and 
(y) at least one free radical initiator: 

wherein the co mposition has an equivalent weight ratio of epoxv to 
polyol of above 3.5; 

(b) forming a layer of the photoformable composition comprising the 

added water: 

i&l imagewise exposing areas of at least a portion of the layer to actinic 

radiation: and 

(d) introducing a new layer of said composition on to the layer previously 

exposed imagewise in step (c) and repeating step (c). 
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